The project is a relationship between the Lawrence Livermore National Laboratory (LLNL) The scope of this research is to develop a shallow water sonar system designed to detect and map the location of objects such as hazardous wastes or discarded ordnance in coastal waters. The system will use high frequency wide-bandwidth imaging sonar, mounted on a moving platform towed behind a boat, to detect and identify objects on the sea bottom. Resolved images can be obtained even if the targets are buried in an overlayer of silt. Reference 1 (also attached) summarized the statement of work and the scope of collaboration.
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-c.. . was funded jointly by DOE and CENTRA, and phase two would be funded with-venture capital. The CRADA covers only phase one.
The phase one project milestones were divided into nine consecutive stages and each stage lasted approximately two months. Interim report at the end of each stage was to be written by AAI and delivered to LLNL and CXNTRA. The final n p r t at the end of stage nine summarized the experimental perfomce of the prototype system.
C -TechnicaI Accomplishments
As shown in References 121 to [IO] , technical reports summarizing the progress and findings at the end of each stage were delivered to LLNL and CENTRA on time and on schedule except for stage 8 where it was three months late because of the lack of availability of hardware components. Find report for stage 9 provided the find experimental evaluation of the sonar prototype. A short article detailing the interim progress of this work was published in the USTC Connection 1 1 13-Here is a brief summary and conclusions of the final effort.
A sonar prototype ( Fig. 1) was constructed, along with the necessary signal conditioning hardware, digital signal processor for received signal target extraction, and a PC based comprehensive 2D graphical display systems (Fig. 2 ). Fig. 3 shows the graphical displays of the sonar detection during a test trial on the left and numerical displays on the right showing detected object information such as depth, vertical and horizontal angles. In genera1 smaller objects with a sonar cross section of less than 5Ocm were unable to detect with high probabifity because of multiple reflections from the rough lake bottom masked the signal location of the true buried objects. The Andreyev Acoustics Institute had investigated several advanced signal processing alternatives to improve the performance. In particular, the Russian investigators had analyzed the improved performance using known adaptive beamforming techniques. The proposed noise suppression algorithms was studied and verified with the use of the raw data from array hydrophones recorded during &he lake trials. Estimates based on the raw data demonstrated that the current sonar prototype hardware, with the implementation of advanced adaptive processing, should allow object detection in rough bottom environments for objects imbedded in 30cm of sediments and having a sonar cross section of 15cm or greater.
I ) . Expected Economic Impact
The commercial application of this system could be used for environmental surveying and cleanup of coastal areas by locating buried shallow water mine fields, unexploded ordnance, and other hazardous objects- floor.
Potential local government customers include port and waterway authorities in charge of . cleaning up ports, rivers and lakes, and organizations involved in the conversion and commercial use of FUDS. For example, there are activities being conducted in the Pacific, such as those on and around the Hawaiian Island of Kaho'olawe to restore FUDS for
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commercial or other civilian use. Over $300 million in funds have been allocated for the detection and remediation of OEW on and around the Island of Kaho'olawe over the next 7-10 years. Part of this undertaking involves locating various types of ordnance buried in sand and soil in shallow coastal areas around the Island.
Potential industrial customers include engineering consultants and contractors, and environmental surveying companies. CENTRA has been in contact with a number of such companies, and has begun exploring possible interest in the SWESS.
Potential Market Strengths
While there are a number of commercial sidescan sonars available for OEW, MCM, and environmental surveying applications, most of these operate at higher frequencies than the SWESS, thus limiting their ability to detect objects buried in the silt and soil under the bottom. SWESS has a potential market advantage in this regard, with its projected ability to detect 15cm objects buried up to 30cm deep in silt. The CSS NSWC is developing a sonar system also designed to be able to detect and classify burjed objects such as mines, by operating at 20kHz and high grazing anzles to achieve good bottom penetration. Participant's signature of the find report ,.idicates the following: 1) The Participant has reviewed the find report and concurs with the statements made therein.
2) The Participant agrees that any modifications or changes fiom the initial proposal were
3) The Participant certifies that all reports either completed or in process are listed and, all discussed and agreed to during the term of the project. subject inventions and the associated intelIectua1 property protection measures generated by hidher respective company and attributable to the project have been disclosed or are included on a list attached to this report.
either been returned to the initial custodian or transferred permanently. 
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